In spite of the potential for substantially improved health and quality of life, many patients with UC are reluctant to consider surgery ( 4 ) . It is understood that surgical intervention also includes risks of complications, which is clearly an important contributor to patient hesitancy in undergoing an operation. Fortunately, only a minority of UC patients experience a fulminant or toxic disease course. Among these patients, the relative benefi t of surgical intervention is clear -and these patients have informed previously published quality-of-life literature comparing UC to the postcolectomy state ( 4 ) . However, for the majority of patients, who have chronic smoldering UC, the decision to undergo colectomy may be more diffi cult to navigate. Typically, patients with mild or moderate UC receive immunosuppressive medical therapy for years before a surgical consultation. Published data are extremely limited regarding how these patients perceive colectomy and subsequent eff ects on quality of life. It is plausible that patients who live with UC for many years suff er a substantial cumulative impairment in quality of life and productivity relative to those with short, severe disease episodes and early colectomy. Counseling patients with chronic UC is diffi cult due to knowledge gaps regarding the comparative benefi t of colectomy vs. continued medical therapy.
We hypothesized that the decision to undergo colectomy is infl uenced by patients ' perceived quality of life or the utility value associated with immunosuppressive and surgical therapies. We also hypothesized that perceived utility values are diff erent for patients living with UC compared with UC patients who have undergone total proctocolectomy. Our main study aims were (1) to compare the perceived utility assigned by non-UC patients and UC patients with and without a colectomy to standardized chronic UC and post-colectomy scenarios; (2) to compare the utility of actual health states among these groups; and (3) to explore patient factors associated with the choice of colectomy.
METHODS

Study population
Aft er obtaining institutional review board approval, we surveyed a cross-sectional stratifi ed sample of patients in general medicine clinics who did not have infl ammatory bowel disease ( n = 150), UC patients who had not undergone colectomy ( n = 150), and UC patients who were post-colectomy ( n = 150). We invited participation from patients aged 18 years and older if they were able to give informed consent in this study. For the UC cohort, we recruited patients who had been diagnosed clinically with UC. We required that they had clinical and histological features associated with UC, including diff use mucosal involvement with changes of chronic colitis such as crypt distortion, crypt loss, and lymphocytosis in the lamina propria. We also required that they did not have clinical / histological features associated with Crohn ' s disease, including granulomas and chronic ileitis with patchy distribution of colitis in the colon. Th e UC patients without a colectomy were deliberately recruited in three strata of mild, moderate, and severe disease activity ( N ~ 50 each). Because the decision to undergo colectomy is necessarily made pre-operatively at a time when the post-operative outcomes are unknown, we elected to recruit all patients who had undergone colectomy for UC in the past 10 years. Th us, we attempted to capture the experiences of postcolectomy patients irrespective of surgical outcome, which would most accurately predict the breadth of actual patient experiences. In addition, the post-colectomy patients were recruited by mail solicitation to avoid bias toward patients with poor surgical outcomes and therefore frequent clinic visits. Patients were recruited from the general medicine, gastroenterology and general surgery clinics at the University of Michigan Medical Center in addition to general mailings. On the basis of a priori decisions, we excluded patients who were (1) younger than 18 years of age; (2) unable to provide informed consent; (3) employees of the university hospital; (4) students at the university; (5) family members of the study team; or (6) diagnosed with Crohn ' s disease or indeterminate colitis before the operation, if they had an operation.
Data collection
Informed consent forms and surveys were completed during a face-to-face visit with the study staff . Patients were off ered a $ 10 cash incentive for participation. Survey questions included patient demographics and responses to standardized scenarios. For all UC patients, surveys also included disease history including the Simple Clinical Colitis Activity Index ( 5 ) (SCCAI), medication information, and information about their social support system (Social Support Dependent Questionnaire) ( 6 ) . Th is latter instrument was included based on open-ended responses from our pilot survey test group about the most important infl uence on their decision to undergo colectomy aft er clinical status, which was primarily " social support. " Th e instrument is designed to answer two specifi c questions: (1) the number of other people the individual feels he or she can turn to in times of need and (2) the number of others who are dependent on the individual for care or support. With institutional review board approval, we subsequently performed a medical chart review to determine the reason for surgery among patients who had undergone a colectomy.
Standardized scenarios
Measuring patient-assigned utility values allows researchers to compare subjects ' individual valuation of health status. Quality of life was assessed using utility values ranging from 0 to 1, with 0 = death and 1 = perfect health. Using the Time-Trade-Off (TTO) method, we informed subjects of their actuarial remaining life expectancy based on age and gender ( 7 ) . Several experienced infl ammatory bowel disease gastroenterologists and surgeons developed standardized scenarios of life with moderate UC and life in a post-colectomy state. Life in the post-colectomy state included diffi culty distinguishing gas from stool, occasional stool seepage or incontinence, and occasional pouchitis. Th e scenarios were then beta-tested on 10 UC patients for accuracy and revised as appropriate. We then presented the standardized UC and colectomy scenarios to study subjects and queried them regarding the duration of life in the specifi c scenarios that they would trade away for perfect health in their remaining lifetime. Using predetermined scenarios in TTO surveys allowed direct comparison between groups and minimized recall bias among post-colectomy patients. Finally, we assessed the utility of each subject ' s actual UC or
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post-colectomy experience. (Th e non-UC patient survey, UC patient with and without a colectomy patient survey ' s online can be found as Supplementary Appendix online.)
Analysis
We reviewed the literature to determine the minimal clinically important diff erence in utility for UC, as recommended by Norman et al. ( 8 ) for studies using health-related quality-of-life instruments. Th e minimal clinically important diff erence in utility measurements is equal to approximately half a standard deviation. We used data from Muir et al. ( 4 ) to compute a pooled standard deviation for pre-colectomy and post-colectomy UC patients with the standard formula:
. From these data, the standard deviation of utility was 0.208. Th erefore, we selected a minimally important diff erence in utility of at least 0.1. We estimated that for a power of 80 % to detect a diff erence of at least 0.1 in utility with a two-sided α = 0.05, 70 patients per group would be required. To be conservative, we accrued 150 patients per group for a fi nal sample size of 450 patients.
Descriptive statistics were used to characterize the study population. Median TTO was used as a summary statistic because the TTO was not normally distributed, and non-parametric tests were used for analysis. Th ere was signifi cant skew in the TTO, with very high ( ≥ 1) outliers for utility. Th is ceiling eff ect was addressed using censored tobit regression to analyze the factors associated with high utility. All data preparation and logistic regression were performed using Stata 10.1 (StataCorp, College Station, TX), and two-sided P values < 0.05 were considered statistically signifi cant.
RESULTS
Overall, 150 patients without UC, with UC and without colectomy, and with UC and post-colectomy consented to be surveyed, for a total of 450 patients in this study ( Table 1 ) . Relative to UC patients without colectomy, UC patients who had undergone colectomy were older and more likely to be Caucasian. Th ey also reported longer durations of steroid therapy, and a higher average number of hospitalizations. Per medical chart review, UC patients who had undergone colectomy were primarily operated on for chronic activity (75 % ), dysplasia or cancer (7 % ), acute severe disease (17 % ), and unknown (1 % ).
Utilities of standardized scenarios
We measured TTO utility (quality of life) values from each respondent group (non-UC patients, UC patients without a colectomy, and UC patients who had undergone colectomy) for the chronic UC and post-colectomy standardized scenarios ( Table 2 ) . Th e non-UC patients considered the UC and post-colectomy scenarios as equally poor (median utility values = 0.92 and 0.92, respectively). UC patients without colectomy reported similar utilities for the UC and post-colectomy scenarios (median utility values = 0.90 and 0.91, respectively). By contrast, UC patients who had undergone colectomy perceived the utility of the UC scenario as signifi cantly worse than the post-colectomy scenario (0.86 vs. 0.92, P < 0.001). Th ese data also indicate that patients who have 
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Quality of Life With Ulcerative Colitis had a colectomy for UC perceive living with UC -even in a standardized scenario -more negatively than patients who are living with UC or non-UC (0.90 vs. 0.86 and 0.92 vs. 0.86, P < 0.001 respectively). In addition, patients who had undergone colectomy perceived the post-colectomy scenario as better than living with moderately active UC. Th is perception of superiority was not shared by the non-UC or UC without colectomy patients.
Utilities for actual health state
We measured actual utilities (quality of life) of UC patients without colectomy and UC patients who had undergone colectomy using the TTO method ( Table 3 ). Quality of life was signifi cantly lower for patients who had undergone colectomy than for those living with UC (0.92 vs. 0.96, P < 0.05). As expected, among those living with UC, patients with milder disease had higher utility scores compared with patients with either moderate or severe disease (mild: 0.98 vs. moderate: 0.94 ; or mild: 0.98 vs. severe: 0.96, P < 0.001). Among those who were post-colectomy for UC, patients whose operative indication was chronic disease had lower utility scores (0.92) than their counterparts whose indication was an acute exacerbation of disease (0.98). However, the improvement was nearly identical relative to their perception of the UC scenario (0.83 and 0.92, respectively). We examined factors associated with a high TTO utility for actual health state and found that a previous colectomy was the most relevant, irrespective of severity of disease ( Table 4 ). Older age, by decade, approached statistical signifi cance when associated with higher utilities or better quality of life, P = 0.05. Not surprisingly, greater duration of steroid use and frequency of hospitalizations were associated with lower utility.
Factors associated with previous colectomy
During the preliminary survey pilot period, we asked respondents in an open-ended manner about the most important infl uences on their decision to undergo colectomy. Aside from clinical status, the only infl uence cited was related to social support -that is, family members or friends who relied upon them or upon whom they relied for support. Th erefore, we included a measure of social support ( 6 ) in the survey for exploratory analysis of factors associated with colectomy.
As expected, patients with more severe UC disease activity or a longer course of disease were more likely to have undergone colectomy (odds ratio = 1.29, 95 % CI = 1.20 -1.38 and odds ratio = 1.05 per year, 95 % CI = 1.02 -1.08, respectively) ( Table 5 ). Patients who preferred the UC standardized scenario to their actual health state were less likely to have had a colectomy (odds ratio = 0.08, 95 % CI = 0.02 -0.40). Finally, patients with more social support were also more likely to have undergone colectomy compared with patients with little social support (odds ratio = 1.20 per dependent / supporter, 95 % CI = 1.08 -1.34).
DISCUSSION
In this study, we compared perceived and actual quality-of-life or utility values among patients living with mild, moderate, and severe UC; patients who had undergone colectomy for UC; and a control group of patients who had never been diagnosed with UC. All patient groups assigned an equal value to the quality of life perceived in the standardized post-colectomy scenario. Non-infl ammatory bowel disease and UC patients without colectomy perceived both post-colectomy and UC scenarios to have ( 19 ) . Th ese data have been striking enough to motivate interventional studies that harness breast cancer patients ' social networks and thereby improve self-effi cacy and uptake of care, particularly among minority patients ( 20 ) . Our study is subject to several limitations. First, although we used rigorous methods in developing the scenarios and beta-tested them on UC patients with revision until agreement prior to querying study subjects, it is possible that the scenarios we developed did not accurately represent the true patient experience. Postcolectomy patients may have perceived the UC scenario diff erently than other patient groups because of recall bias or a true change from their previous perceptions, also known as response shift ( 21 ) . A response shift may occur due to rationalization of a previous choice or due to a heightened revulsion toward the UC experience. Second, we were unable to perform a subgroup analysis of the post-colectomy patients based on the outcomes of their operations. However, our purpose was to provide a comprehensive picture of the post-colectomy state, and therefore we recruited all post-colectomy patients by design. In addition, the consistency of utility values for the post-colectomy state among post-colectomy and other patients supported the accuracy of this representation of the post-colectomy state. Th ird, data may have been inaccurate due to subjects ' diffi culty in understanding the TTO methodology. Although this is a legitimate concern, TTO has been validated in multiple settings ( 21 ) and a research assistant was available to aid survey completion in person. Fourth, the study ' s cross-sectional survey design may have been inadequate to capture the ongoing experience of patients living with UC. However, use of cross-sectional data to represent a longitudinal experience is a highly prevalent limitation of many study designs, and this tension is unlikely to be resolved in most health-related quality-of-life research ( 22 ) . Th ese data support a longitudinal study of the experiences of patients with moderately active UC and in particular a study that helps to elucidate the most appropriate timing of surgery. Our ultimate goal is to develop cost-eff ectiveness analyses and decision tools for patient and providers facing these treatment choices.
In summary, our study shows that patients living with UC strongly prefer their actual health state both to a perceived UC scenario with similar or even milder symptoms and to a perceived post-colectomy scenario. By contrast, patients who have undergone colectomy equate the quality of life in their actual state with that in a post-colectomy scenario and markedly prefer each to a perceived chronic UC state. Th ese data have important implications for patients and their physicians who are considering whether and when to undergo surgery. When patients with severe UC make choices to forego surgery, it is important to determine whether this is due to an optimistic misperception of risks and consequences of chronic medical therapy and endoscopic surveillance and / or pessimistic misperception of the risks of surgery. In fact, patients may be cumulatively better off with a colectomy from a quality-oflife standpoint. However, health-care providers may be challenged equivalent quality of life. Notably, patients who had undergone colectomy viewed the scenario that described life with moderate UC signifi cantly less favorably than UC patients without colectomy and non-infl ammatory bowel disease patients. When patients were assigned quality-of-life values to their actual health states, UC patients without colectomy had a signifi cantly higher median utility than post-colectomy patients. Most of the patients who had undergone colectomy in our study were operated on for chronic disease. Although they reported the lowest utility among subgroups for their actual (post-colectomy) health state, this was substantially better than their perceived utility for living with moderate UC.
Living with UC profoundly infl uences quality of life among a patient population that is typically young and active. A previous study estimated the utility of severe UC from a cohort of 20 patients as 0.59 ± 0.28 pre-operatively and 0.93 ± 0.09 post-operatively ( 4, 9 ) . A post-colectomy survey reported that 97 % of postcolectomy patients would undergo ileal pouch-anal anastomosis again and 99 % would recommend it to others ( 10 ) . Further work has shown that, following colectomy, UC patients have a quality of life comparable with the general population ( 11, 12 ) . But there are mixed results. For example, two studies using diseasespecifi c questionnaires have shown that post-colectomy patients report health-related quality of life similar to that of patients with UC in remission ( 13, 14 ) . Taken together, these data suggest that patients with moderate-to-severe UC may experience an overall benefi t from colectomy in terms of quality of life, and that these UC patients should strongly consider elective colectomy. However, in spite of data indicating that colectomy is likely to improve quality of life, patients living with moderate UC oft en favor long-term immunosuppressive therapy over colectomy.
When patients with severe UC make choices to forego surgery, it is important to determine whether this is due to an optimistic misperception of the relative risks and relative quality-of-life value of the UC and post-colectomy health states. Patient decision-making requires a complex assessment of risks and benefi ts, oft en comparing an imagined or predicted state to an actual, current state. Our use of standardized scenarios allowed us to separate perceptions of poor quality of life from actual poor quality of life under various conditions. In our sample, UC patients without colectomy had a higher median utility than post-colectomy patients, which suggests that it is appropriate for them to choose against colectomy. Patients must accept the risks associated with a technically challenging procedure to remove the entire colon with possible reconstruction, potential post-operative complications, infertility, and life with a permanent ostomy or even re-operation for pouchrelated complications ( 15, 16 ) . Furthermore, surgical intervention may cure patients of colonic disease, but does not completely abolish symptoms of fecal urgency and incontinence.
A surprising fi nding for our group was the consistent patient response that having social support was a major factor in their decision-making. Much of the previous work on social support and social networks among patient groups has been centered on coping with potentially life-threatening disease as opposed to chronic disease. Among cancer patients, the presence of a social
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to identify and respond to patients ' possible misperceptions during abbreviated offi ce visits. Th ere are no decision aids that are currently available, but others have proposed personal experiences as a way to help with decision-making ( 23 ) . Given the importance of social support and the signifi cant variation in perceived quality of life among groups, perhaps intentional opportunities to interact with post-colectomy patients could help patients living with UC to navigate these complex choices. Th ese opportunities are available in some settings in the form of support groups, but access to such a service is not universal. Future studies should investigate specifi cally whether patients living with UC feel better informed and able to navigate treatment decision-making and have more realistic expectations of treatment, aft er exposure to institutionally supported contact with post-colectomy patients.
